Histamine was administered to dogs by the intravenous route near the right atrium in doses of 9.6 to 19 y/Kg. body weight. It produced a severe drop in systemic blood pressure, negligible changes in heart rate and respiration, usually a fall in cardiac output and no change in left atrial or pulmonary artery wedge pressure. The pulmonary artery pressure showed an initial rise and then a fall following the drop in systemic blood pressure. Pulmonary arteriolar resistance followed the changes in cardiac output. There appeared to be no consistent evidence of pulmonary vascular constriction following the injection of histamine in the doses used in this study.
S INCE 1910 many studies have been carried out on the hemodynainic effect of histamine in experimental animals. The results of the studies in dogs are fairly uniform, and are best illustrated by referring to the observations of Dixon and Hoyle in 1930. l After giving 0.5 to 2 mg. of histamine intravenously they observed a fall in systemic blood pressure. During the first 10 to 20 sec. after histamine injection there was an increase in right atrial, pulmonary artery and pulmonary venous pressures, in pulmonary vascular volume and in blood flow to the left atrium. Thereafter there was a generalized fall in pressure in the pulmonary circulation following the fall in systemic blood pressure. The cardiac output first showed a rise and then a fall
The present study, the first to record simultaneous measurements of pulmonary blood flow, pressures and resistance, in dogs breathing spontaneously, was designed to follow the immediate effect of histamine on pulmonary vascular resistance and blood flow. METHODS Fourteen dogs have been studied. In six of these the left pulmonary artery had previously been occluded ; one animal had an anastomosis between the pulmonary and subclavian arteries on the left From side, one was normal, and six had previously been subjected to an injection of amniotic fluid into the pulmonary artery. Eight dogs were intubated and artificially ventilated at the time of histamine injection, and six dogs were studied during spontaneous respiration. The dogs were anesthetized with pentobarbital, 30 mg./Kg. body weight intravenously.
A catheter was introduced into the pulmonary artery under fluoroscopy, another into the femoral artery. The pressure in the left atrium was measured through a needle guide, 2 which had previously been tied in place. In two dogs without such a guide, the pulmonary artery wedge pressure was measured through the pulmonary artery catheter. Pressures from these various sites were measured by the Sanborn manometer, recording undamped and critically damped pressures.
The heart rate was counted from the pressure recordings, the respiratory frequency from the left atrial tracing. In one dog pleural pressure was also measured through a needle in the pleural space.
After obtaining base-line pressure readings and left ventricular outputs, using radio-iodinated human albumin and the method described by Cudkowicz et al., 3 histamine was introduced as near the right atrium as possible through a polyethylene catheter inserted through a femoral vein. The amount of histamine solution given (up to 1 ml.) was introduced in advance into the catheter, which had a capacity of 1.5 ml., and was then flushed rapidly as a bolus into the right atrium with 5 ml. of normal saline. The amount of histamine given varied from 9.6 to 19.0 y/Kg. body weight; or 0.140 to 0.275 mg. per animal. Pressures were then recorded continuously for 5 to 8 inin. A repeat cardiac output determination was carried out in seven dogs from 30 to 60 sec. after histamine injection and in two dogs from 0 to 30 sec. after the injection. From the pressure values and cardiac output determination the resistances were calculated in the peripheral and in the pulmonary 
*A, before histaiiiine; B, 20 sec. after histamine; C, 60 sec. after liistamine; D, 300 sec. after histamine.
tPulmonary artery wedge pressure. $Pleurnl pressure.
circulation (so-called pulmonary arteriolar resistance), by means of the formulas: Total peripheral resistance = mean femoral blood pressure mm. lip X 1332 cardiac output ml./sec. 1'ulmonary arteriolar resistance = mean pulm. art. press.-mean left atr. press. X 1332 cardiac output per second expressed as dynes per sec. per cm.~"' RESULTS Systemic Circulation. The reaction of femoral artery pressure was uniform. Starting about 5 see. after histamine injection there was a fall in pressure, with a maximal drop after 30 to (i() see. and then a gradual return towards the prehistrtinine level ( fig. 1,  table 1 ). The extent of the fall depended partly on the dose given and partly on the state of the animal at the time. Heart rate in two animals showed an inerease, in eight a fall and in four there was no change.
The cardiac output was measured both before and after histamine injection in nine animals, in seven during the second one-half minute, and in two during the first one-half minute (table '21. In all but one dog there was a fall in cardiac output during the second one-half minute, dropping to 23 per cent of the prehistamine level in one dog. This dog was in a state of hypotension before histamine with a blood-pressure of 55/40, and there WHS a further fall to 25 1"> 30 sec after the injection. The dog whose output rose after onehalf minute showed only a slight fall in femoral artery pressure.
The calculated peripheral arterial resistance (table 2) showed a fall during the first one-half minute in one dog and was unchanged in the other. During the second onehalf minute the peripheral arterial resistance fell in four dogs and rose in three dogs. In the latter the cardiac output fell below fifty per cent of the prehistamine level.
Pulmonary Circulation. The pressure in the pulmonary artery showed a uniform reaction to histamine ( fig. 1. table 1) . In all extfepi three dogs, it rose after .
" " > to IS se,-.. and then fell gradually with the lowest reading occurring after one minute. From then on it rose steadily, approaching normal values after 5 mins. The left atrial pressure showed a slight rise in two dogs, was unchanged in two, and fell slightly in the others. In the two dogs in which pulmonary artery wedge pressure was measured instead of left atrial pressure, it was unchanged in one and fell in the other ( t a b l e 1 ) .
Pulmonary arteriolar resistance was calculated in seven instances after 30 to 60 sees. It showed a rise in six dogs and a fall in one i table 2). The increase in resistance paralleled the fall in cardiac output. During the first one-half minute there was a fall in resistance in one animal and an increase in another.
Respiration. The respiratory rate increased in eight dogs and was unchanged in six during the first part of histamine effect (table 1) , but apparently the tachypnea did not influence the mechanics of breathing, as the pleural pressure and left atrial pressure were essentially unchanged; one might have expected a rise in pressure from bronehoconstriction. The tidal air was recorded in one dog. and showed no change. 
DISCUSSION
The effect of histamine on the systemic circulation is similar to the effect of other agents which produce a generalized vascular dilatation, like the ganglion blocking agents. 4 Its effect on the cardiac output during the hypotensive phase may best be explained by a vasodilator effect with pooling of blood in the periphery. Since there is first a fall in blood pressure and then in cardiac output, vasodilatation evidently produces the fall in blood pressure. The behavior of pulmonary artery pressure is more difficult to explain. The secondary fall in pressure beginning 15 sees, after histamine injection is probably attributable to reduced venous return and consequent drop in cardiac output at that time. The dependence of the pulmonary artery pressure on the cardiac output is also shown by the fact that there was no secondary fall in pulmonary artery pressure in the dog which did not show a fall iu cardiac output during the second one-half minute. However, the initial rise in pulmonary artery pressure from 5 to 15 sees, after histamine injection is not so readily explained. Others who have worked with histamine in dogs regard this pressure rise as evidence of a vasoconstrictor effect of histamine.
Pulmonary vascular constriction during the histamine effect should be reflected in changes in pulmonary arteriolar resistance. Increase in resistance was found in seven dogs and a fall in only two. However, a comparison of changes in resistance with changes in cardiac output ( fig. 2) shows that there was always a fall in cardiac output when the resistance increased, which indicates that the resistance in these experiments was mainly determined by changes in the denominator of the formula: pressure gradient resistance = =-;-r-3 blood floiv The curve has a hyperbolic form and is of the same shape as the curve found by Williams 0 in perfusion experiments on intact dog lungs and by Galletti et al.~ in perfusion experiments on dog lungs at different blood temperatures. This curve shows that the pulmonary artery pressure and resistance are dependent on the inflow into the pulmonary artery. When blood flow increases, more vessels open up to accommodate it with very little rise in pressure. On the other hand, when blood flow falls, there is a vasoula'r collapse with increase in resistance.
An alternative explanation for the pressure rise in the pulmonary artery could be a direct cardiac effect of histamine with an increased output from the right ventricle. 1 -8 Observations of the cardiac output during the first part of histamine effect in two dogs showed a slight rise in pulmonary artery pressure with a slight rise in cardiac output in one and a fall both in pressure and output in the other. These observations tend to support the concept that the pressure changes in the pulmonary artery are mainly influenced by changes in flow.
Histamine is known as a potent bronchoconstrictor. The possibility exists, therefore, that the pressure rise in the pulmonary artery is brought about by bronchoconstrietion. As mentioned, relatively small changes in respiration were observed. This is apparently because small doses of histamine were used. The observed changes in respiration did not influence the circulatory changes, as these were in the same direction regardless of any rei nt hesamedi rect i onre gardles s SUMMARY Small doses of intravenously administered histamine in dogs produced negligible respira-tory changes, increase as well as fall in heart rate and a considerable drop in systemic blood pressure within the first twenty seconds. The fall in peripheral blood pressure was followed by a fall in cardiac output and a secondary drop in pulmonary artery pressure. There was an initial rise in pulmonary artery pressure which might indicate pulmonary vasoconstriction. Calculations of pulmonary arteriolar resistance show, however, that this factor is mainly governed bj r changes in blood flow, indicating that there is no consistent evidence of a pulmonary vasoconstrictor effect of histamine in the doses used in the current study.
SUMIIARIO IK I N T E R L I K G U A
Micre doses de histamina administrate a canes per via intravenose produceva negligibile alterationes respiratori, augmentos si ben como reductiones del frequentia cardiac, e un considerable reduction del systemic pression de sanguine in le curso del prime vinti secundas. Le reduction del pression de sanguine peripheric esseva sequite per un reduction del rendimento cardiac e un reduction secundari del pression pulmono-arterial, Esseva notate un augmento initial del pression pumono-arterial, indicante possibilemente del resistentia pnlmono-arteriolar monstra que ille fatcor es governate prineipalmente per alterationes in le fluxo de sanguine. II non existe un indication inequivoc de un effecto pulmon-vasoconstrictori de histamina in le doses empleate in le presente studio.
